ABSTRACT This experiment was conducted to evaluate the effects of stocking density on the growth performance, feather growth, intestinal development, and serum parameters of geese. In total, 336 healthy, 28-day-old, male Yangzhou goslings were randomly allotted to 30 plastic wire-floor pens according to 5 stocking densities (2, 3, 4, 5 and 6 birds/m 2 ). The results showed that with the stocking density increased from 2 birds/m 2 to 6 birds/m 2 , the body weights of geese at 42 d (P < 0.001) and 70 d (P < 0.001) were reduced by 10.53% and 10.43% respectively, the primary feather lengths of geese at 42 d (P < 0.001) and 70 d (P = 0.021) were reduced by 20.38% and 6.62% respectively, whereas the feed/gain ratios for 28-to 42-d period and 28-to 70-d period increased from 2.50 to 2.90 (P = 0.001), and 3.80 to 4.24 (P < 0.001), respectively. The relative weights of the jejunum, ileum, and small intestine and the lengths of the jejunum, ileum, and small intestine were all adversely affected (P < 0.05) when stocking density was increased to 6 birds/m 2 . Serum concentrations of alkaline phosphatase (P = 0.013) and triiodothyronine (P < 0.001) decreased as the stocking density increased. The serum thyroxine concentration of geese from the 6 birds/m 2 group was lower than that of geese from the other groups (P < 0.05). The reduction in thyroid hormone concentrations was similar to what was observed in growth rate. All the results suggested that high stocking density will adversely influence thyroid function and the developments of the body weight, body size, feathers, and small intestine. Under our experimental conditions, we recommend that the stocking density of geese should be kept to 5 or fewer birds/m 2 to avoid the negative effects of high stocking density on geese.
INTRODUCTION
With the rapid development of the poultry industry, many producers adopt the highest possible stocking density in production, as the economic benefit per square meter is often higher if the birds are stocked more densely. However, an excessively high stocking density can adversely influence the performance, health, and welfare of the birds, which has attracted attention in recent years.
Many researchers have indicated that a high stocking density would cause adverse effects in broilers (Estevez, 2007; Zhang et al., 2013 ). An increased stocking density reduced the body weight, feed consumption, and feed conversion (Guardia et al., 2011; Tong et al., 2012) , but increased the incidence of foot-pad dermatitis of broilers (Dozier et al., 2005) . Lay et al. (2011) and Guo et al. (2012) indicated that a high stocking density decreased the percent egg production, egg weight, body weight gain, and feed conversion of laying hens. In addition, a high stocking density negatively influenced ducks (Xie et al., 2014) . However, data on the effects of stocking density on geese are limited.
Recently, Lin et al. (2016) indicated that stocking density and genetic selection were 2 factors affecting the incidence of angel wing in White Roman geese, which were reared in a house with a cement floor. In their study, the body weight gain of geese were affected by stocking density only at 0 to 4 wk of age, but the body weights of geese at 2, 4, 6, 8, 10, 12 , and 14 wk of age were all affected by stocking density, and as stocking density increased, the body weights of White Roman geese at 2, 4, 6, 8, 10, 12 , and 14 wk of age were reduced by 19.01%, 25.81%, 17.07%, 14.11%, 10.52%, 11.69%, and 10.41%, respectively. Goose production is becoming more specialized and widespread, and rearing geese in wire-floor pens is common in China. However, few studies have explored the effects of stocking density on goose performance, and few criteria have been established for the stocking density of geese reared in wire-floor pens. In addition, feathers are an important economic character of geese (Kozák et al., 2010) , and feather growth rate is related to market age.
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Therefore, the aim of this study was to investigate the effects of stocking density on the growth performance, feather growth, intestinal development, and serum parameters of geese.
MATERIALS AND METHODS

Experimental Design, Diets and Management
This experiment was conducted at Yangzhou University (Yangzhou, China) from April to June 2016.
A total of 336 healthy, 28-day-old, male Yangzhou goslings from the same hatch were obtained from a commercial hatchery (Gaoyou, Yangzhou, China). The goslings were randomly allotted to 30 plastic wire-floor pens according to 5 different stocking densities. All birds were reared in the same house with the same ventilation and lighting regimen. The pen size was 2.83 m 2 (2.28 m × 1.24 m), and the stocking densities were 2 birds/m 2 , 3 birds/m 2 , 4 birds/m 2 , 5 birds/m 2 , and 6 birds/m 2 (6 geese/pen, 8 geese/pen, 11 geese/pen, 14 geese/pen, and 17 geese/pen, respectively) during the period from 28 d to 70 d of age. Each treatment was represented by 6 replicates.
All geese were provided with the same diets (Table 1) , which were formulated mainly according to the NRC (1994) and prior research results from our laboratory (Shi et al., 2007; Wang et al., 2010) . Birds had ad libitum access to feed and water. Water was provided by the same half-open, plastic, cylindrical water tank, and pelleted feed was provided in feed troughs on one side of each pen. Each goose possessed a feeder space of 10 cm at least so that the feeder space was enough for each 1 The premix was provided by the "YangDa" Feed Company (Yangzhou, China). One kilogram of premix contained 1, 200,000 IU retinol, 400,000 IU rachitasterol, 1,800 IU D-a-tocopherol, 150 mg coagulation vitamin, 90 mg thiamine, 800 mg riboflavin, 320 mg pyridoxine, 1 mg cobalamin, 4.5 g nicotinic acid, 1,100 mg pantothenic acid, 65 mg folic acid, 5 mg biotin, 45 mg choline, 6 g Fe (ferrous sulfate), 1 g Cu (copper sulfate), 9.5 g Mn (manganese sulfate), 9 g Zn (zinc sulfate), 50 mg I (potassium iodide), and 30 mg Se (sodium selenite).
goose. Mortality and the body weight (BW) of dead geese were recorded when death occurred, and a cubical space was isolated by a plastic wire net to ensure the density treatment was not affected. All procedures in our experiments were approved by the animal care and use committee of Yangzhou University (Yangzhou, China).
Sample Collection and Analytical Determination
Growth Performance Growth performance was evaluated in terms of BW, average daily feed intake (ADFI), feed/gain ratio (F/G) and body size traits. BW was measured for each pen at 28 d, 42 d, and 70 d of age. The ADFI and feed/gain ratios for 28-to 42-d period, 42-to 70-d period, and 28-to 70-d period were calculated.
The measured items of body size included half-diving depth (distance from tip of the mouth to the mid-point of the 2 hips), body slope length (distance between the shoulder joint and ischial tuberosity), fossil bone length (distance from the tip to the end of the fossil bone), metatarsal bone length (length of metatarsal), metatarsal bone circumference (perimeter of the middle part of the metatarsal), breast depth (distance from the first thoracic vertebra to the leading edge of the fossil bone), breast width (distance between the 2 shoulder joints) and breast angle (the angle of both sides of the chest at the leading edge of the fossil bone). All measurements were conducted on the body surface of the goose.
Feather Growth Primary feathers are the largest feathers in geese, and the primary feather length (PFL) is easily measured. Therefore, the length (±0.01 cm) of the third primary feather counted from the left wing tip was chosen to assess the feather growth rate of geese in the current study. At 42 and 70 d of age, 2 geese were randomly selected from each pen to measure their PFL with a flexible tape.
At the end of the experiment (70 d of age), after feed deprivation for 6 h, 2 birds with a similar body weight were selected from each pen, and their blood samples were collected from wing venipuncture. Care was taken to ensure that the elapsed time between catching a bird and collecting the blood sample did not exceed 60 s. Then, the birds were measured for body size, after which they were sacrificed immediately by exsanguination and dissected to determine the small intestine parameters.
Intestinal Development In the present study, 2 evaluation methods were used to assess the development of the intestinal tract: the length and the relative weight of the small intestine. The length (±0.01 cm) of the small intestine (from the pyloric junction to the ileocecal junction), the length of the duodenum (from the pyloric junction to the most distal point of insertion of the duodenal mesentery), the length of the jejunum (from the most distal point of insertion of the duodenal mesentery to the junction with Meckel's diverticulum), and the length of the ileum (from the junction with Meckel's diverticulum to the ileocecal junction) were determined. The length of each intestinal segment was determined with a flexible tape on a glass surface to prevent inadvertent stretching. After division and freeing of each intestinal segment, separating all connective tissue and fat, and removing the content with ice-cold saline flushing, the empty weights (±0.01 g) of each intestinal segment were determined. To minimize the impact of the salt water on intestinal weight, we removed residual water with filter papers after the saline flushing. The relative weights were calculated as a ratio of live BW.
Serum Parameters In the present study, for the collection and processing methods of blood sampling referred to Tong et al. (2012) . The detected serum parameters included the concentrations of alkaline phosphatase (ALP), triiodothyronine (T3), and thyroxine (T4). The serum ALP concentration was determined in the Center for Disease Prevention and Control (Yangzhou, China) using a Beckman Coulter UniCel DxC 800 Synchron Clinical System autoanalyzer (Beckman Coulter Inc., Fullerton, CA, USA). The serum concentrations of T3 and T4 were measured by radioimmunoassay as described by Darras et al. (1992) . The assay kits were purchased from Beijing North Institute of Biotechnology (Beijing, China). These hormones were detected using a GC-911 gamma radioimmunoassay counter (Ustc Chuangxin Corporation Limited Zonkia Branch, Hefei, China).
Statistical Analysis The data were analyzed by one-way analysis of variance (ANOVA) using SPSS statistical software (Ver. 17.0 for Windows, SPSS, Inc., Chicago, IL). For the growth performance (BW, ADFI and F/G), each pen was considered the experimental unit (n = 6). For other variables, each selected goose was considered the experimental unit (n = 12). All mortality data were subjected to arc sine transformation. The significance of differences among treatments was tested using Duncan's multiple-range test. Statistical significance was established at P < 0.05.
RESULTS
Growth Performance
BW, ADFI, F/G, and mortality are shown in Table 2 . The BW of geese at 42 and 70 d were reduced by 10.53% (P < 0.001) and 10.43% (P < 0.001) respectively, whereas the F/G for 28-to 42-d period and 28-to 70-d period increased from 2.50 to 2.90 (P = 0.001) and 3.80 to 4.24 (P < 0.001) respectively, as the stocking density increased from 2 birds/m 2 to 6 birds/m 2 . However, the F/G for 42 to 70-d period, the ADFI during the whole experiment period, and the mortality were all unaffected by stocking density (P > 0.05) ( Table 2 ). The stocking density did not significantly affect the half-diving depth, body slope length, fossil bone length, metatarsal bone length, breast depth, or breast angle of geese (P > 0.05) (Data not presented). However, with the stocking density increased from 2 birds/m 2 to 6 birds/m 2 , the metatarsal bone circumference of geese was decreased by 4.89% (The metatarsal bone circumferences in groups of 2 birds/m 2 , 3 birds/m 2 , 4 birds/m 2 , 5 birds/m 2 and 6 birds/m 2 are 4.95 cm, 4.86 cm, 4.87 cm, 4.79 cm and 4.71 cm, respectively) (P = 0.043).
Feather Growth
The effects of stocking density on the PFL at 42 d and 70 d are shown in Figure 1 . The PFLs of geese at 42 d (P < 0.001) and 70 d (P = 0.021) were reduced by 20.38% and 6.62% respectively, as the stocking density increased from 2 birds/m 2 to 6 birds/m 2 . The difference in PFL at 42 d among the 2 birds/m 2 , 3 birds/m 2 , and 4 birds/m 2 (P > 0.05), and the difference in PFL at 70 d among the 3 birds/m 2 , 4 birds/m 2 , and 5 birds/m 2 (P > 0.05) were not significant. 1 Data shown are mean ± SEM (n = 12). Digits within the columns are the means of each treatment group, and different lowercase letters above the columns indicate statistically significant differences (P < 0.05).
Intestinal Development
As shown in Table 3 , the relative weight of the jejunum was lower and the lengths of the jejunum, ileum, and small intestine were shorter in geese from the 6 birds/m 2 group than those in geese from 2 birds/m 2 group and 3 birds/m 2 group (P < 0.05). The relative weights of ileum and small intestine of geese in the 6 birds/m 2 group were lower than those of geese in other groups (P < 0.05). The differences in the relative weight and length of duodenum were not significant among treatments (P > 0.05).
Serum Parameters
As shown in Table 4 , the serum concentrations of alkaline phosphatase (P = 0.013) and triiodothyronine (P < 0.001) decreased as the stocking density increased. The serum thyroxine concentration of geese in the 6 birds/m 2 group was lower than that of geese in other groups (P < 0.05).
DISCUSSION
Growth Performance
Although a large number of studies have been conducted on broilers (Dozier et al., 2005; Guardia et al., 2011) and laying hens (Lay et al., 2011; Guo et al., 2012) , few studies have investigated the effects of stocking density on the growth performance of geese. In the present study, an increased stocking density resulted in the reduction of BW at 42 d and 70 d of age, and the reduction of metatarsal bone circumference, but resulted in the increase of F/G for 28-to 42-d period and 28-to 70-d period. Our results agreed with Lin et al. (2016) , who observed that the stocking density affected the body weight of White Roman geese. In their study, differences in body weight gain were observed only at 0 to 4 wk of age, but the BW of geese at 2, 4, 6, 8, 10, 12 and 14 week of age were all affected by stocking density, and as stocking density increased, the body weights of White Roman geese at 2, 4, 6, 8, 10, 12 and 14 week of age were reduced by 19.01%, 25.81%, 17.07%, 14.11%, 10.52%, 11.69%, and 10.41%, respectively. In our study, with the stocking density increased from 2 birds/m 2 to 6 birds/m 2 , the BW of geese at marketing age (70 d of age) fell from 3.92 kg to 3.51 kg (reduced by 10.46%), whereas F/G for 28-to 70-d period rose from 3.80 to 4.24 (increased by 11.58%). In addition, the bone growth was delayed due to a decrease in the growth rate, as measured by BW. Buijs et al. (2012) got similar results that increased stocking density had a negative effect on some aspects of bone quality (tibia curvature and shear strength). Therefore, the maximum stocking density for geese from 28 d to 70 d of age should not exceed (≥) 6 birds/m 2 to maintain a good individual growth performance. Some studies suggested that the poor growth performance under high stocking density may be due to the reduction in feed intake (Feddes et al., 2002; Dozier et al., 2005) . In our study, each goose possessed enough feeder space, and feed intake was not affected, so the stocking density effects on growth performance was not due to feed intake. Mortality was not significantly affected by the stocking density, which coincided with previous studies (Tong et al., 2012; Xie et al., 2014) .
Feather Growth
Previous research explored the effects of stocking density on the incidences of angel wing (Lin et al., 2016) and feather pecking (Lindberg and Nicol, 1996; Wagenaar, 2003, 2006; Albentosa and Cooper, 2004) . In the present study, when the stocking density was increased to 5 birds/m 2 , the PFL of geese at 42 d of age was significantly reduced, and when the stocking density was increased to 6 birds/m 2 , the PFL of geese at 70 d of age was negatively influenced. Our results revealed that a high stocking density (5 or more birds/m 2 ) was not conducive to the feather growth of geese and may delay the market age of geese.
Intestinal Development
Studies relating to the effects of stocking density on the intestinal development are limited. In our study, the relative weights of the jejunum, ileum, and small intestine and the lengths of the jejunum and small intestine of geese in the 6 birds/m 2 group were all decreased compared with those of geese in the other groups, suggesting that a high stocking density (6 or more birds/m 2 ) delayed the development of the small intestine. Moreover, the changes in the intestinal development were in accordance with the changes in the growth performance; therefore, a high stocking density may have negatively influenced the growth performance by delaying the development of the small intestine. In addition, a shorter colon length was observed in mice with an overcrowded stocking density (Reber et al., 2006) , which confirmed our results that a high stocking density was not conducive to the development of the intestinal tract.
Serum Parameters
Serum parameters reflect the body health status of animals to a certain extent. T3 and T4 are hormones related to the growth of individuals. Some studies indicated that T3 and T4 affected the growth of BW and feathers (Uni et al., 2001; Leeson and Walsh, 2004) . In the present study, the serum concentrations of ALP and T3 decreased as the stocking density increased, and the serum T4 concentration of geese in the 6 birds/m 2 group decreased compared with that of geese in other groups. Our results were different with the results of Tong et al. (2012) , who found that the T3 and T4 concentrations in blood were not significantly affected by the stocking density. The reason for the difference between their study and ours may be the difference in the bird breeds. In our study, the changes in the serum concentrations of ALP, T3, and T4 were similar to the changes in the growth performance and feather growth. This consistency showed that high stocking density will lead to the inhibition of hypothalamic-pituitary-thyroid axis, and then result in the decrease of T3 and T4. The deficiency of T3 and T4 will influence thyroid function, which will affect the developments of the BW, body size, and feathers.
In conclusion, a suitable stocking density is essential for goose production because a high stocking density (more than 5 birds/m 2 ) will delay the intestinal development, influence thyroid function, and adversely affect the developments of the BW, bones and feathers. Therefore, under our experimental conditions, we recommend that the stocking density of geese from 28 d to 70 d of age should be kept to 5 or fewer birds/m 2 to avoid the negative effects of a high stocking density on geese.
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